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Localization and quantitative detection of magnetic materials in the
macropterous and brachypterous female and male adults of the brown
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Abstract: [ Aim] The geomagnetic orientation is one of the important mechanisms for the flight
orientation of migratory insects in their long distance migration. In this study, the macropterous and
brachypterous female and male adults of the brown planthopper ( BPH) , Nilaparvata lugens were selected
to systemically study the magnetic materials harbored in their bodies. [ Methods] The superconducting
quantum interference device (SQID) (model; MPMS-7) was used to detect the existence of magnetic
materials in the macropterous and brachypterous female and male adults of BPH, and the distribution of
magnetic materials in the four types of adults was observed using the ultrathin paraffin sections ( UPS)
with Prussian blue staining ( PBS) under the transmission electron microscope (TEM) (‘model: JEM-
2100). The atomic emission spectroscopy ( AES) was used for the quantitative analysis and comparison
of the magnetic materials in the four types of adults. [ Results] The SQID detection found that the
hysteresis curves were obviously closing only in the abdomen of the macropterous and brachypterous

female and male adults of N. lugens, indicating that magnetic materials harbored in the abdomen of
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adults. Prussian blue precipitate also mainly existed in the abdomen through the observation under TEM ,
indicating that the detected magnetic materials are ferromagnetic substance. There were significant
differences in the contents of magnetic materials between the macropterous and brachypterous adults
and between the males and females through the AES detection. For adults of the same gender, the Fe
ion content in the macropterous individuals was significantly higher than that in the brachypterous
individuals. And for the same wing-form, the Fe ion content in the male adults was significantly
higher than that in the female adults. [ Conclusion] Fe magnetic materials generally exist in the abdomen
of macropterous and brachypterous female and male adults of N. [lugens, and their contents are
significanly different between the macropterous and brachypterous adults and between the males and
females.

Key words: Nilaparvata lugens; migratory orientation; wing form; gender; magnetic materials;

superconducting quantum interference device (SQID) ; Prussian blue staining ( PBS) ; atomic emission

spectroscopy (AES)
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Table 1 Sample size and replications of the tested macropterous ( brachypterous) female and

male adults of the brown planthopper, Nilaparvata lugens
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macropterous ( brachypterous) female and male adults used for one test. Values in parentheses stand for the number of brachypterous adults.

1.2 ®EHEZLA

T T D) S 3R 1 2 3 8 AR B S
SR OC R, W] BB S WL M R I R TSR S . 3B
b WEE R T A1 42 15 P 6 T 4 R B RAR
PERTIRES . WL IR0 S B A 22 55 (2011) 1Y
D M AL ES S T R s T (LS MPMS-7,
Z£[E Quantum Design 2y H] ), M EJEFE K 1 x
107 ~0.3 Am®, 4 %F REJE 1 x 107" Am® (0. 8
mA/m) fl 5 x 10_'0Am2(4. 0 mA/m) , G E N +
4.8 mA/m, RGN 1.9 ~400 K, £ 525 [[] < D6
mm x 6 mm il & FE AR AL FIZ (T =10 K)
1.3 ®tERE AL

Sl N I Bk AR R 1 L Ak R R 1
PR 1t 55 T8 SCAEAE , 33X S A R b A ATk U A S 7
Hh SN, A B € 1) R AR R D UE (RIS & )
HENLF B B, e Y vh RO 5 i R
(AT SE, 2009) o B ka4 K ml, ff B 4T 19
AR ER T v h gk 25 R L R T 2% ot 5 D) A G LK i
TR 420 TR A S SRS, P 8% ~ 10% Y 45 U
PEATAL LR RE 3 B A BEAE A R R 2% B i AR K 2p b AT
AR R, &5 Ll A S TaE S R
(JEM-2100 #9375 oy s ) T W48, x4 &
BRI R R A 5 0 6 o
1.4 ®EEYREERN

gy Y TR\ 328 1 T S P e o R A P
PR 2 il SR D & 6 1% (1CP) 35, 1% 5 16 )
MY (B & T IR IR 7 30 1 & ST 4

ESE T e I W I 2H R A A T 2 i . DR
ey LA 3 TR R 420 7R S S, A R h %
PP I R F WA 5 B R BB AL 2R U0 T, e 4 5 1 B
P REREST He A e Wy o 52 o0 B S, 85 B W iR
FNBLOE T R R 3 UK FH L Sh AL U S 4 7 07
FT#E,1 000 r/min .0 60 s; 588 FIEW, WA 4.5
mL LB TR, RIGIA 0.5 mL iz, 180°C JiiA
30 min ; BUH 8BS0 5 R S E (L (SPECTRO
ARCOS #4325 85 R SIS0 #E 47 1CP £
I, @) BOAR X 2 i (ng/mg ) = A6 I A5 2 ) # 1:
Yy e (ng) /TR AR HUAR 5 (mg) , BEPEY) T
Axt i (ng/3k) = A DN A5 32 1 R A
(ng)/ FrilAEA Bl S (k) o
1.5 HIESH

IR EE 73 B R T SPSS16. 0 SE 3K 4 47 o
K IR 577 2293 (Two-way ANOVA) LA AN [A]
ST (K TR 3 TR ) AN [ ) (O R
HU) 4 R AR B NP i 2 . AL HE)
25 W EME PR A LSD K50 (P <0.05) , i#
Sy MR, 246 6B B0 1 47 X6 B0 e USRI 25 4y
fifiik o

2 HR
2.1 {8TREK (G BB R IR R R A

AL EIESS
i i ) £ AT S AR W B ) 1P 5 55 B



24 i

A R R S T A A A R P S (6 R A

135

AT I TR TR

B, M R EUK
SeBL PR 1 S PR ol S 1) i ot £ 34 AT T A

J3E 5 T Xk 7 P9 Sk ) 50 i 1] S A 000 A A B 1 S P4
FER (B 2: A~D), B I% A7 G fE Ak ¥ Bt

AR (K 1. A~D) GEWZEAAFTERGEY) i,
0.004 0.004
A B
0.003 0.003
_ 0.002 _ 0.002
£ 0.001 E S 0.001
“I& ’§ L ! 1 ! ! | ;-P? § L 1 L L L ]
% %;—]5000 -10000 —500% 5000 10000 15000 % %n -15000 -10000 500%0 ] 5000 10000 15000
< <
5= HE 373 3 (Oe) 5= B (Oe)
Magnetic field strength Magnetic field strength
~0.004 -0.004
C 0.0020 - D
0.0015
— 0.0010 —
[~ =]
£=2 0.0005 X :
:E( ,:1': L 1 1 Jg. 1 1 I "ﬂ ; L ! ! ﬁ 1 ! I
B 6000 4000 V' 2000 4000 6000 % E 6000 4000 200, L' 2000 4000 6000
= - < B -
5= 3541 1% (Oe) 5= | T35 (Oe)
I Magnetic field strength Magnetic field strength
-0.0015 | -0.0015 -
-0.0020 - -0.0020 -
PUT 4 QU () Sl 2R e g e S A 40 J5 ) s 1] 2 AG
Fig. 1 Detection of the hysteresis loops of magnetic materials in the abdomen of macropterous and brachypterous female

and
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Fig. 2 Detection of the hysteresis loops of magnetic materials in the cephalothorax of macropterous and brachypterous

female and male adults of the brown planthopper, Nilaparvata lugens
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Fig. 3 Observation of Fe ions in the abdomen of macropterous and brachypterous female and male adults of the brown

planthopper, Nilaparvata lugens by using transmission electron microscope (TEM)
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females. & H J5HE N G it . Magnetic materials are boxed in the figure.

2.3 #BCEUK(/E) BEUEER RIE N RN S 2

ey Y TR\ 328 A A S e S A P A A
R BRI R B A 56 03 (ICP) ¥ 3 % 4K
AT RS 7 R I, AR RS (4% & i F =
507.49, P <0.001; i %f &5 . F = 129. 56, P <
0.001) FIAS[a] P ) (4a X 5 5. F =1 768.45, P <
0.001 ;AN & . F =4 941.01, P <0.001) # K&l

AR PR B T 453 5 (ng/ k) MRS 5 4 (ng/
mg) 25 W (K 2) o H, [/l — i CEl K #
TS SRS P 1 5 v T R R R MR A R
BT (P <0.05) (& 4: A, B; 5. A, B);liY
G T — S R U S A P R R
o T HERCR R N BB T B (P <0.05) (1814 A,
B; &5: A, B),

R2 BEAKBUNGANMELBREARETFSENRETFAESN

Table 2 Two-way ANOVA on the Fe ion contents in macropterous and brachypterous female and male

adults of the brown planthopper, Nilaparvata lugens

A Wing form

BRESF A i (ng/ k)
Absolute content of Fe ions (ng/adult)

BB AR B (ng/mg {AFE)

Relative content of Fe ions (ng/mg body weight)

507.49 ( <0.001)

129.56 ( <0.001)

P51 Gender A x P35 Wing form x Gender
1768.45 ( <0.001) 5.34 (0.050)
4941.01 ( <0.001) 0.30 (0.600)

FhEEFIR F(P){H Data in the table stand for F (P) values. # %] Wing form; 38 %I F145# % Macropterous and brachypterous adults; 4 5|

Gender: MEPEFNHEME Female and male.
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Fig. 4 The absolute contents of Fe ions in macropterous (A) and brachypterous (B) female and male

adults of the brown planthopper, Nilaparvata lugens
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